Methods: Cartilage specimens were isolated from healthy patients undergoing ankle replacement surgery and OA patients undergoing total knee replacement surgery and graded by the OARSI grading method, based on Alcian blue and Safranin O staining. Healthy (HL), relative healthy (RH) and osteoarthritic (OA) chondrocytes were isolated from cartilage with grade 0, grade 1 and grade 4 respectively. Cells were cultured in monolayer with or without IL-1b stimulation under 2.5% (hypoxia) or 21% O2 (normoxia) in proliferation medium. Cell morphology, proliferation, gene expression, protein expression, apoptosis were measured. Results: In hypoxia chondrocytes showed a higher proliferation rate irrespective of their origin. Gene expression analysis demonstrated higher levels of SOX9 and ACAN mRNA expression in hypoxia compared to normoxia. Remarkably in normoxia the expression of both genes decreased in the order of HL > RH > OA, while this difference was not present when cells were cultured under hypoxia. MMP1, 3 and 13 mRNA were expressed at higher levels in normoxia with no apparent difference between cells from different origins. Treatment with IL1b induced MMP1 expression with highest responses in OA chondrocytes followed by RH and HL. Absolute levels of MMP mRNAs were lower in hypoxia in control conditions and after stimulation with IL1b ( Figure 1A ) but fold stimulation was higher. Interestingly, in RH and OA chondrocytes IL1b increased AXIN2, an established WNT signaling target gene, mRNA expression in normoxia. This response was blunted in hypoxia in RH or even decreased in OA chondrocytes ( Figure 1B) . Conclusions: A supraphysiological oxygen concentration, but not an hypoxic condition, negatively affected the expression of SOX9 and ACAN mRNA particularly in chondrocytes from macroscopically diseased cartilage. In addition, high oxygen increases the expression of MMPs mRNA in chondrocytes under basal conditions compared to hypoxia. This suggests that exposure of chondrocytes to a supraphysiological oxygen concentration may induce a mild inflammatory response. While absolute levels of MMPs mRNA after treatment with IL1b were lower in hypoxia compared to normoxia, fold increase was increased suggesting that the chondrocytes become more sensitive to IL1b treatment in hypoxic conditions.
. mRNA levels of MMP1 (A) and AXIN2 (B) were determined by quantitative real-time polymerase chain reaction analysis. The expression of target gene was standardized to GAPDH expression. Bars show the mean ± SD of triplicate cultures. N¼ nomooxia; H¼ hypoxia; HL¼ healthy; RH: relative healthy; OA: osteoarthritis. x Dept. of Orthopedic Surgery, Magdeburg, Germany
Purpose: During osteoarthritis (OA), the chondrocyte phenotype shifts from proliferative to hypertrophic. In course of phenotypic change of chondrocytes, the matrix is remodeled, including down-regulation of genes such as Acan, Sox9, Col2A1 and up-regulation of Col10A1. The canonical, b-catenin dependent WNT signaling pathway is one pathway, which affects the chondrocyte phenotype. Two small peptides e SAH- Purpose: An intricate network of regulatory processes determines the chondrocyte cell fate during development and maintains tissue homeostasis. In the event of a disease such as OA, the regulatory network is critically compromised. To cure the disease, we need to restore the regulatory processes to their original state. However, because of the inherent complexity of regulatory networks, they cannot be efficiently analyzed and understood without computational assistance. To obtain insight into the function of such complex networks we developed a dynamic computational model of chondrocytes, the Executable CHOndrocyte or ECHO. In ECHO cell fates corresponding to osteoarthritis as well as healthy chondrocytes can be investigated. We used ECHO to predict potential targets for switching from an OA-like chondrocyte to a healthy articular chondrocyte. Methods: We generated a computational model of growth plate chondrocytes (GP model) and a model of articular chondrocytes (AC model) In each model it is possible to set the activity of each of the proteins in the network at a level between 0 and 100 in increments of, for example, 1 or 10. It is also possible to randomly initialize the activities of proteins, or use a combination of random and set initializations. In silico experiments can then be carried out by simulating the evolution of the modelled regulatory network over time. We used ECHO to obtain insight into cross talk of 7 signal transduction pathways important for chondrocyte development and cartilage maintenance: IGF, PTHrP, BMP, FGF, TGFbeta, WNT, IHH. ECHO consists of a network of 123 intracellular signaling molecules (kinases) with 354 interactions. The network faithfully resembles current status of literature. RUNX2þ is the readout for hypertrophy and OA, and SOX9þ the readout of healthy articular chondrocytes. qPCR experiments on human mesenchymal stem cells (hMSCs) and human articular chondrocytes (hACs) were used to validate the model. Results: Using ECHO we analyzed the most influential pathways, and performed in silico experiments to obtain insight into the molecular mechanisms of cartilage development and disease. For example, we investigated the cell's response to addition or inhibition of single (Figure 1) , or combinations of growth factors or cytokines. Both the GP and AC models showed a dose-dependent response to (combinations of) external stimuli. qPCR validated this dose-dependency in MSC and chondrocytes. Figure 1 . Dose-dependent effects of extra-cellular ligands in growth plate (GP) and articular (AC) chondrocytes. The initial activity level of each extracellular ligand was set at a fixed level between 0 and 100 with increments of 10 (0, 10, 20, … 100), while all other nodes were randomly initialized. After 10,000 simulations, the percentage of cell fate was recorded. Healthy AC: SOX9þ, light grey; OA / hypertrophic chondrocyte: RUNX2þ, dark grey.
We then investigated switching cell state through perturbations of extra-cellular ligands. In this, the models were started from a stable SOX9þ state and were switched to a RUNX2þ state, and vice versa. The in silico experiment predicted a transition from SOX9þ to RUNX2þ in the GP model with single addition of BMP or WNT, whereas in the AC model these factors caused no switch. The in silico experiments predicted a switch in the AC model with inhibition of IHH and simultaneous addition of high levels of either WNT or BMP (figure 2). In addition, we performed in silico double knockout and overexpression of all nodes in the network to predict which signals could interfere with OA development and progression. This resulted in hundreds of possible targets that are currently being investigated further. These experiments provide potential therapeutic clues for treatment of OA. Conclusions: ECHO was used to mimic biological scenarios during chondrocyte development. We obtained insight into healthy chondrocyte development and OA development. Perturbation of single or double extracellular ligands cause a switch in cell fate, with BMP, WNT and IHH playing important roles. In addition, ECHO was used to identify potential therapeutic targets for OA treatment. Purpose: Perlecan (Hspg2) is a heparan sulfate proteoglycan present in all basement membrane and in cartilage and synovium in the articular joint. Perlecan interacts with extracellular matrix molecules, receptors and growth factors and is implicated in cell growth, differentiation, signaling and stem cell maintenance. Perlecan is essential for the proliferation and differentiation of chondrocyte, which is revealed by the analyses of both human and mice lacking gene encoding perlecan. However, it is still remained unclear for the role of perlecan expressed in synovium. We previously reported that perlecan was required for the development of osteophyte in knee osteoarthritis. As osteophyte is developed by the chondrogenic differentiation from synovial mesenchymal cells (SMCs), we also have revealed that the absence of synovial perlecan reduced chondrogenic differentiation from mouse SMCs in vitro. The purpose of the present study was to examine the signaling pathways in which perlecan is involved during chondrogenic differentiation from SMCs. Methods: We used a mouse (Hspg2-/-Tg) model, in which the perinatal lethality of perlecan knockout (Hspg2-/-) mice were rescued by expressing of the perlecan transgene (Hspg2Tg/-) specifically in the cartilage under the control of the chondrocyte-specific Col2a1 collagen promoter and enhancer. Hspg2-/-Tg (Hspg2-/-; Col2a1-Hspg2Tg/-) mice survive with normal cartilage, but the perlecan transgene (Hspg2Tg/-) is not expressed in the synovium. We used the wild type mice littermates (Hspg2þ/þ-Tg, Hspg2þ/þ; Col2a1-Hspg2Tg/-) as controls. Ten-week-old female adult Hspg2-/-Tg mice and their control littermates were used for the experiments. The primary SMCs were isolated and cultured by our established method from controls and Hspg2-/-Tg mice (Futami, et al. PLoS One 2012) . The synovium in the infra-patellar fat pad of these mice was harvested. We examined whether the supplementation of the purified perlecan protein would rescue the defect in chondrogenic potential of Hspg2-/-SMCs in order to confirm the direct involvement of perlecan in the chondrogenic potential of SMCs in micromass by the way to be examined both mRNA and protein expression levels after 3 and 12 hour chondrogenic induction by quantitative real-time PCR analyses and Western blotting analyses. In the perlecan rescue experiment, 0.1, 1 and a 10 mg/ml of perlecan were added to both the micromass culture and chondrogenic culture medium.
Results: The Sox9, Sox5, Col2a1 and PPARg mRNA expression were detected in the micromass of Hspg2-/-SMCs at either 3 or 12 hours from the initiation of the micromass culture. However, a quantification analysis confirmed that the Sox9 expression level in the micromass of Hspg2-/-SMCs was significantly reduced compared with control-SMCs after 3 and 12 hours from the initiation of the culture. Lower expression levels of Sox5 in the micromass of Hspg2-/-SMCs were also observed in comparison to those of Hspg2-/-SMCs at 3 and 12 hours from the initiation of the micromass culture. The Col2a1 expression levels in the micromass of Hspg2-/-SMCs were significantly reduced in comparison to those of control-SMCs. The PPARg expression levels in the micromass of Hspg2-/-SMCs were also significantly reduced compared with those of control-SMCs. The Sox9 mRNA expression levels in SMCs derived from Hspg2-/-Tg was dose dependently restored by the supplementation of the exogenous perlecan protein in the media, suggesting the direct involvement of perlecan for the chondrogenic differentiation of SMCs. When TGF-b was supplemented in the media, smad2 and p38 MAPK were phosphorylated in SMCs derived from controls. Purpose: OA is defined by increased activity of catabolic enzymes that target the ECM, principally ADAMTS5 and MMP13. This enzymatic activity is regulated at the point of gene transcription, induced by inflammatory signalling pathways such as NFkB, and controlled by post-translational turnover, for example by LRP1-mediated endocytosis. The primary cilium is a singular organelle assembled by almost all cell types. The ciliary-associated proteome includes core cilia proteins such as intraflagellar transport proteins (IFT). The cilium modulates cell behaviour, acting as a hub for cellular signalling. The cilium is influential during musculoskeletal development; many ciliopathies have a musculoskeletal phenotype. In cells of the joint, such as mesenchymal stem cells, osteocytes and chondrocytes, genetic disruption of core cilia machinery alters the response to a variety of physiologically important stimuli including mechanics, inflammatory cytokines, changes to osmolarity and oxygen tension, growth factors, and Indian hedgehog. Moreover, such stimuli alter cilia trafficking and ciliary architecture and function. Recently, we showed the cilium modifies the response to interleukin-1 (IL-1) by tuning NFkB signalling. Here we investigate the influence of the cilium to the catabolic activity of chondrocytes in order to test for roles of the cilium in disease pathogenesis. Methods: The study used primary human and porcine chondrocytes and murine chondrocytes with a hypomorphic mutation to IFT (IFT88ORPK). Chondrocytes were cultured with/without cytokines IL-1b or TNFa. Aggrecan cleavage was assessed by western blotting (WB) for ARGS and AGEG epitopes, using a cell-aggrecan co-culture system. LRP1 expression in chondrocytes was assessed by immunofluorescent (I.F) staining. Gene expression analyses were conducted by qPCR. Primary cilia architecture and p65 dynamics was assessed by I.F. with Image J analysis. Results: IFT targeting altered aggrecan catabolism. ARGS and AGEG epitopes were increased in non-stimulated chondrocytes to levels comparable to that seen with cytokine treatment. Microscopy revealed LRP1 expression to be associated spatially with the microtubule
